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Introdu ction
Despite anthe re c e nta nd m ode rn adv an c esin 皿 edi dn e,
ho spitalinfe ction 8 a re Stilla n 血 po rta nt c a u s e of m obility
and m ortality a m o ng patie nts in hospitals worldwide･ The
in v estlgatio r M nd controlof hospitalinfectio n s 訂e C o mplex e s,
in volving he alth c a r e W O rke rs, the clinic al mic r obiology
h bo r ato ry andthe ho spitalinfectio n co ntroldivisio n･
Sin c ethe im ple m e ntatio n ofprogra m sfo rho spital
infe ctio n c o ntr ol dt'ringthe 50a nd 60
'
s, the Ce nte rfor
Dis e a s eCo ntrol a nd Pr e v c ntio A(C D C)hs e stablished
pr ogr a m st o m o nitoちr edu ce thein cide n c e, apply pre v entive
m e asu re s mde valu atetheimpactoftheho spitdinfect1 0 n S･
Ho8Pital
-a cquir edinfec血 n s ar e adv 虻S ePatie nt cv erlt S
that aGe ct appro xim ately2 nillO nPe rsons an - 且117(1)･
h Br a姐 m ore th且n 1,4 miniozIPers o n s a cquired ho spital
infection B ann t1al1y with 3･5tim esin crea sein the tizn eof
ho 8Pitalim tio n
■
(2). The rcpo rt6 fro m C D Cr efe rr edthat
preventable adv e rsepatie ntev e nts,indtldingho spital
-a cquired
infectio n s
?
ぴe rC SPO n Sible for44,000
-98
,
000 de aths a n n tlanY
ata c o st of$17-I29biuio ndQua rS(3).
% e epide miologyofthc mic roo rga nis 皿 C a u Slng
hospitalinfecti
l
on ske eps cha nging w e rthe de c ades･ h the
80
'
s
,
StG2JVoE OEC u S a W C HS a nd othe rGr a mpo sitIV eba cte 血
w ere predo min an tas c &tlS e Of ho spitalinfe ctio n s, and the
e m e rge n c e･ofotltbr eaks of m ethicillin -r esi8fa nt S･ a u re y s
(M RS A) w a sdete ctedin s e v e r alpa rts ofthe world. ln
thebcgi ming ofthe 90
'
s
?
the Gra m n egativ eba cte ria W e re
pr edo min a nt and m o r e r ec e ntly, MRS A, c o a即1a s e
-
n egativ e
Staphyloco cd aJld Ente亡o c o cdbe c a m e v e ry(r equ eJlt aS age nts
of ho spitalinfectio ns ･ M}c oba cLm
'
u n tube r mZosis a ndFe asts
ofge n u sCa ndida a re n o wre C Ogni衣 dpathogen s of hospital
infTe ctions andar e als o respo n siblefo r n o s o comialo utbre aks･
On e ofthe most 血 po rta ntproble m s r elatedto ho spital
infection 8is the clu ste rs or ho spi叫 o tltbre aks. %e m o st
c o mpelling r e as on to in v e stigate a r e c ogni乞ed otltbr eak of
dis e as eis tht expos u r eto the s o n r c e(s) ofin6e ctio n 皿 tY
be co ntin uing;byide nti&ing a nd euminatingthe sou rc e of
infecdo n, w e c a npre v e nt additiond cas es･ A ho spitalotltbfe ak
is de点ned astheincre as ein the n u mbe r ofc as e s Ofadis e as e
o finfe ctio n abo v ethe kno wn ba s elin ein apoptlatio n of
ho spitalizedpatie nts(4)I
H o w ev e r, ev en ifa n o t=br e akis e ss e ntiany o v e rby
the tin ethe epidemiologl Cin v estigatio nbegin s - thatis,if
n o o n eisbeing further expo s edto the s o u rc eofinfection
-
in v estigatingthe o utbr e akJn a:Y Still beindic ated fo r rn ar[y
re as o n s. Fore m osti hat the r es ults ofthein v estigation m ay
le adto rec o m m e ndatio n s o r str ategl eSforpr ev e ntingsi mi1a･r
血tw e o tltbre aks1 Othe r r ea s o n sfo rin v e stigating o utbre aks
a rcthe oppo rttmit7tO1)des c ribe n e wdis e a se s a nd le ar n
m o r e about kno wn dis e a sc 9;2)eⅥ1tl ate existing prevention
str ategies,3)te a ch(a nd le arn)epidemiologyT, a nd 4)addr ess
pllblic con c er n abo utthe o utbre ak1 On c e ade cisio nis 皿 ade to
in v estigate a n o utbr eak,thre etypes ofa ctivities ar ege n erdly
in v olv ed - the epidemiologicin v e stigatio n,the e nvir o n m e ntal
hv estigatio n, andtheinte ra ction wi ththepublic, the pr es s,
a nd,in m azIYinsta n c es,thelegal野Stern･ W hile thes e 包Ctivites
ofte n o cc u r sh ulta nco u slythr otlgho ut thein v e stigatio n,itis
c o n c eptuallye asierto c o n side r ea chofthe m s eparately(5,6)･
Epide miologic lnve stigatio n
Outbre akin v estigation s ar e,in the o ri,indistinguishable
from othe r epidemiologl Cin vestigatio n s;howev e r, o utbre ak
in v estigatio n s e n c o unter 血 O re C O n Stmints･ 1)Ifthe o utbr eak
is o ngo lng at the tim e ofthein v e stlgatio n, the r eis gr e at
u rge n cァto 丘ndthe s o tlr Ce a ndpr ev e nt additio n alc as es･ 2)
Be c a u s e o utbre akin v estlgatl OnSfr equently arepublic, ther e
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is substa ntialpreBStlre tO COn Clude the皿 raPidly,particAnrly
if the o utbr e akis o ngoing. 3)h m a nyo utbre aks,the n uLnber
ofcase s a vaihblefor studyisli mited;the refore,the statisti⊂d
po w er of thein v estigatio nisli mited. 4)Ea rly m edia repo rts
c o n cc r n l ngthe o1,tbr e ak m aybias the feSPO n 8e SOfpers o n s
stlbs eqtl e ntlyintervie w ed･ 5)Bec atlSe Oflegal1iabihty a ndthe
丘n a n cial inter est ofper so n s a ndi stitutio n sin v olv ed, the re
l SPre ssu ret OCOn Chlde thein v estigado nqtlickly, which m 甲
le adto ha吋 de cisio n s r ega rding the sou rc eof the otltbre ak･
6)If detectio皿 Ofthe otltbr eakis delayed, u sefulchnic ql a nd
e nviro n m e ntals a mples maybe v e rydi缶cult orimpo ssible to
obtain(7).
Tbe r ate ofc e rl:kin in v a siv eba cterialinfectionsin a
giv e n ar e 且 亡an be easilydo ctl m e nted byre viewinsthe reco rds
of ho spitalclinical microbiologyhbor at ories;ho w ev e r, ca s es
6o r whichspecim en sⅥ町 e n otStlbmittedtothe sehbora t ories
fortestingwiugo u ndetec ted･In a n otltbre akofa ne wdis ease,
s ubst姐tiale&o rtis ofte n n ec e ss aryto determin e whethe ror
n ot c as e s ofthatdis e as ehad been occu r ringbtlt hadgo n e
u n re c ognized
De s criptiv eEpide miology
By c olle ctingpatie ntdata,the c ase
-丘nding a ctivities
pro vide eEtre 皿 elyl mPO rta ntinfor m ation con c e r n i ngthe
de s criptiv e epide miologic fe atu re s ofthe o ntbr e ak･ By
reviewing a ndplotting o n a n
I-
epidemic ct -
-I
the tiz=leS Of
o n s et of the c as e s a nd by e x amining the chfaC teristic s(e･g･ ,
agel S e x? race/etlmicity, r e side n c e, o cc up且tio nl r eC eLlt tr aV el〉
o r atte ndm c e at ev ents)of theillp耶 O n S,in v estigator s ca n
o鮎 n gen er atehypothese s c o n c emingthe catlS e(s)/s o urc e(s)
ofthe o utbreak･ The shpe ofthe epidemic cu - ca n alsobe
v eryin strtl Ctiv e, s uggesting apoint-sotu ce epid甲ic, o ngolng
tr an smis sion, or a co mbin ation of thetw o.
Mole c ularEpide miology
The chnicalmicrobiologylabo r ato ry plays a m ajo r role
in ale rtingfo rho spitalo utbre aks･ The i8 01atio n ofs e v e r al
micr o o rga nis m sfr o m the s a 血 e SPe Cie sin a c e rtain period
oftim e m甲 Sugge St the o c c u rr e n c e ofa n o utbr e ak･In z n a ny
occasio n sthe o utbr e akis n otic ed bytheide nti丘c atio n of
bactcria withv erysim 血f a nt主micr obhlpro丘1e.
Tbe char a cte riz atio n ofpathoge n sge n etic ally rehted
is par ticuhr17u S C血1in hospita= n v e stigatio n ofclu s亡er s･
M olecula rtyping m ethods h v ebe e n appliedirkSttldie s
of mic robial diss emin ation . The use■of m ethods ba sedill
phe n otypic chara cte ristic shasbe e n useful for st udying
the epidemiologyofinfectio usdise ases, btlttheir v alu e ar e
qu estio n able a ndv ariableininogtepidemiologlCi 耶 Stigations･
Re c e ntly, D NA bas ed
- m ethodshav ebe e npf ef.e rred as ato ol
fo r cpidemiologictyping(8).
Thetools of皿 01eculartypingrne血d5 9Jldcpide miologic
hv estigation requlr Cthe applic ation oftechniqu estht ar e
easytope r6o r m,c apableto type thatparticuhr micr o o rga nis m,
reproducible(topr od., c ethe sa m e restlt whe n theisohteis
r epe atedlytestcd), able to disc ri min ate str ainsfrom diqe re nt
clon esa nd that the sa血 e eqtllPZ71 e ntCOuld betlSed f♭r s ev eral
micr o o rga nis m s･ Althoughthis new te clmiqtleS a re W eko rn e
to improv ethe epidemiologicin v e stigation, their c osts a一e
dso ofc o n c er n a ndthejnsti五cation fo rthe cxpeTlditu re s o n
皿 01e ctda rte clmiqtl e8 Shouldbe criticdlyex amin ed･The m aJ
-
o r
applic &t1 0 n Of n ole ctlhr m ethodsin hospitalo utbreaksisto
elu cidate the ge n etic r ehtio n ship ofthei8 0h亡e s;ifisolate s
o rlgl n ated fro mthe s a me clon e w e re dis s e min ated fro m a
c o m mon sotm e(c onta･Tunatedpare nte raln utritio n)o r had
noso c omialtra n smissio n(ha nds ofhe althc ar e W O rke s) (9).
The 皿OSt widelytlS ed D N Atyping m ethods a r e:
pla smidpro丘1e, r estrictio n e ndo n u cle a se a n alysis ofpla smid
a･1dge n omic D N A, an alysis ofchr o m o s o m al D N A bァ
pds ed
- 鮎1dgelele ctr opho r e si , s o tlhe r nhybridin tio rl
a n alysis u singSP
ltci6c DN Aprobe s,a nds ev eral PC Rm ethods･
Mole cuhrtyping 皿 ethods ar e tlS edto dete rmin eifisolate s
Ⅵ 町 edo n e-related o rhad di缶 re nto rlgin s･ Epidemiologica1ァ
r elated str ain s sha r ethe s a m eD N Apr o丘1e 血 ge rprint
whe r ea sdiaer e ntis olateshav edistin ctlydiae rentpro丘1e s･
W henis olate sfr o mdiHe re ntpatie nts hav ethe Sa m eD N A
血gerprint theyw er e o rigin ated fro 皿the sa血 e CIo n e and w e re
sp∫飽dto di免rentpatleTltS aS n O S O C Omialtra n smissio n･
The molec uhrtypingrn cthods alsohv ehelpedto stTLdy
the r elatio n shipbetw e e n colo ni 由ng a ndinfectirlgisohtesin
individu alpatie nts,distinguish c o nta nizlatingfr o minfecting
str ain s
,
do cu rn eTlt n O S O C Omialtr a n s missio nin ho spitaliz ed
patie nts, diGer e ntiate r einf.B Ctio nfr o m r elaps ein patients
tre ated for aninfe ctio nand fo no wthe spr e adofa nti mi(:robial
dr ug r esista nt strains within 且nd a mong ho spitals o v e r
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tim e. H ow e v er
,
the applic atio n of m ole cula r m ethods
fo r epidemiologl CPr opo s e r equire s a c a r eful clinic ala nd
epide miologicin v e stlgatio n･ Ⅶ1e ab5 e n C e Ofcle a r obje ctiv es
a nd epide miologic data fr eqtL e ntly pro vide c o n且icting
infor matio n.
7he D N A bas edtypi∫1g m ethods sho tlld be applied
ac c ordingtO Prope r rnicr o rganism s･ Pl且S 皿id a nalysis coul d
be u s ed fo rtyping Enteroba ctc ria c e a e a nd Staphylo c oc ci･
Pla smid m aybe dige sted with r e striction e ndo n tl Ce a s e
e n 2;ym e 8, A li mitatio n ofplasmidis that they 且r ee xtr a
chr o mosom e m obile ele 皿 ent8 a nd thatba cte ria c a nlo s e o r
a cquiredphsmid･ Pla smid a n alysis w a sthe first m ole c ular
m ethodto bet=sedfor epidemiologicpropos es 且ndis a n e 乱甲
a nd rapid m ethodto pe rfD r 血I Ho w ev e r, s o m eba cteria hav e
few o r no pl乱Bmid(A c udo m o n G ∫ qe, ugi210 ∫a, S呼 砂hcocc u ∫
o w c 肘)1i mitingthe apphca血 n of this m ethod 且nd the S a m e
pl且Smid m 野 be fou ndin n o n rehtedis ohtesI Pl且Smi d皿 dysis
mightbe us ed as a r apid s cr e e rll ng m ethod fo rdetecting
outbr eaks and anothe r r nole cula r m ethodshoul d bc addedt o
com plete the Jn Ole c uhrtyping･
¶1 e ll S e Ofr e striction e ndo n u cle a s e a n alyst s Of
chr o m o so m al DNA m aybe u sedin large ntlmber of
mic r o o rga nis m s, Stqpbylococc y s a u rcu ∫, Ente roc o c ci a nd
a m d ua spp･,ho w e verthe r esults ar edi氏c止 tointe rpreta nd
is n ota m en ableto c o mputer a･1 alysisdtletO thel呼 血 皿 ber
of ba ndsprodu cedin the cle ctrophore sisI
The u se ofpuls ed fieldele ctr opho r e si (P F G E) of
gen omic D N A ha spr o vide the a n alysis ofgr e at nn mbcr of
ba cte ria a ndァe a st6(Cd ndi
l
da spp･,
･
q妙iococE W n CQbr m ons)a nd
the ele ctropho resISProduces results with由 紀 rba ndsthtc a n
be a nalyz ed bタ c o mpute r a n alysis･ P F G E byalte n atinsthe
ele ctn c丘eld,l喝 e D N Am olecule vv eight(40to m o retha n
1,000Kb)can be s ep m tedin aga ro s egels･ 皿is te chiqtleis
alsohighly･reprodncible, hs agooddis cri min ato rypo - ∫ a nd
ca-abe usedto types ever almicr o o rga nis m s･Thedis adv a ntages
in cltldes the highc o st ofthe eqt11P皿 e nt a nditis atim e
c o n s u m l ngte Chniqtle, ho w ever, this is the onlァ zn ole ctlla ∫
勺rping m ethod withre c o m 皿 e ndatio n sin literatu rein ho wto
interpr et the sir nila ritiesf10 r勺pingba cteria.
Thege n omic r estrlC血 nfragm e ntle ngthpolym o rphl且m
a n alysislike ribotyping c a nbe applied fo rtypiLlgba cteria
a nd,in s ertio n sequ e n c epr obefinge rprl ntisthe m ost s山table
m ethod fo rtyping MJCObLWhm
l
u mfubc rEuZo sis･ The m olecuhr
epidemiologァofthe di8S emin atio nof 皿 ultidr ug resista nt
(M D R)tube r cllo sis in Ne w Yo rk City w a s elu cidated
pe rfo rmingthe in se rtion s equ e n c eIS 6110
-bas ed D N A
ge notyping ofis o1虹e s a ndge notyping show edthat a m ong
234patie nts,153w ere chlSte redandthathealth care w o rke r
w er e m o rehkelyto a cquiredM D RM ･ t〟bcrculo∫is(10)I
Sev e f al P C R-ba s ed 皿 ethods ar e c u rr e ntly usedin
m ole c ular epidez71iologic studie8fo rba cte ria, M . tubcrE uLosis
a ndviru s: rep ti tiv e ele m e nts P CR 8Pa Ce rt7Pi喝, Sele ctiv e
a mph五c atio n ofge n o m e re strictio nfragm e nts, m ultilo c u s
aneuc s equ e n c e
-bas edty ping･
r
lhe u s e of P C Ras a typing
m ethod BtLCh asthe ra ndo 皿 a mPli丘c ation ofpolymo rphic
D N A(R A P D) a re e asytope rfom a nd ha sbe enwidelyu s e
for epidemiologl CPr opos es6orbact 血 andyeastsI Ho w ev er,
P C R皿 ethods ha ve 止皿itatio n s s u ch a sthepresen ce of 血1se
positiv e reh lts a nd la ck ofpar a m et rsfo rinte rpreting the
托8ults.
Fin any,Som eimporta ntre c o m m e ndatio n sLTor 皿 01e cuhr
epidemiologic studies m u stbe follo w ed: m ole cula rtypingo nly
cod a beperfor m edif the mic ro o rga ni8 皿S - e Sto red;cho o s e
siznple, che ap and repr odudble m olecula rt echniqtle6;Careful
attentio n whe ntheLnge rprintofagrotlPOfisohtes r esultedin
the Sa m eProfile;the m ea ni gc o uld be thelo wdis cri min ato ry
po - r of the te clmiqu e･ Gen eticdiqere ntisohtes obtain ed by
m ore than o n e m ethod m e an sthat the seis olate s a Le O ngln ated
fro m diGer e nt clone s;Some znicroorgaz u s 皿 Shasle ssge n etic
di7町 Sity 弧 dthe best m ethodto be applied depe nds o nthe
micr orga ru s m;go odresultsin m ole cular epide miology･n ea n s
go odchoic ein the m ole cularte chniqu e･
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